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^= (54) Title: FLUORESCENT PROTEIN 

g (54) %«<0«^: ilj<6SdS 

(57) Abstract: It is intended to provide a novel fluorescent protein originating in an organism other than Aequorea coerulescens. 
■ Thus, a fluorescent protein originating in Galaxea fascicularis which has the following characteristics is provided: (1) having an 
~~ average molecular weight of about 2700O, (2) forming a tetramer in the equilibrated state; (3) showing the maximum excitation 
^= wavelength of 492 nm and the maximum fluorescent wavelength of 505 nm; (4) showing a molar absorbance index of 74100; (5) 
=g showing a quantum yield of 0.625; and (6) having a low pH-sensitivity of the fluorescent properties within a pH range.of 5 to 12. 

^ (57) mVi: 

g •t^:it'Qh^o Tif51^;:^=f (Galaxea fascicularis) 

— (1) ^=f-^n.m2 7 0 0 0;" 

^ (2) Wmit^l^X-A^W^l^^t^ ; 

( 3 ) Sie«:^agSdS 492rim-Cfc!?, 1kiltm:k1&M\t 5 0 5 n mVh 5 ; 

S (4) ^/Ka3fe«!Bt«:7 4 1 0 Q-CfeS ; 

S (5) a^ltZ^ttO. 6 2 5t?ii)5 ; 

O (6) pH5~l 20|5ffltCjol.N-C*3t#140pHlSgte;ds®V^ : 
O 
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:^mmn. T-fX-ty^ (Calaxea fascicularis) ^M<Dm^^£lktftm&nRXJ^ 

:J^yyM^:t^T • t*^ h y T (Aequorea victoria) iZ^^-f^m^'^iftm 
fi» (GFP) ^^^{c:*5V^-c#<(Offl^lr^^1-5. Sfi. yy^^^J^^f^^ 

^^Iilfe*3 J: X^^^^m^ (semi-rational) ^i«5^^KI§jfe(cS^ V fe^Sr^-fk $ 

ft'bJ;<^jeffl^tb-5GFP|&^^*c<D-oi:fC||fe^3tMeg (YFP) 
ffPjnS, YFPtt, (Aequorea). GF P^mi^O^'-^iiM^^^CO'^^ 

iSr^-f, Y F P O e j; 0? * tt, -ttl^ix 60, 000~100. 000r»cm-' tS X 

1/0.6—0.8 -efefj (Tsien, R. Y. (1998). Ann. Rev. Biochera. 67. 509-544), 
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KiE^J{cS-^VN-C«^®/ji7'7-f T-Sr^fhU, ^)t«r;^-rT1f ^1^^=^ (Galaxea 
fascicularis) DNA7-<:/9 U — d»b±IE:/9'f "^-^ffiVvT^^tSe® 

'f^-^y=f (Galaxea fascicularis) * R(0m5t#tt ^P'^fcJ^^, 

fiP*>, (Galaxea fascicularis) S3l5©TiEO 

( 1 ) ^^^&itm 2 7 0 0 0; 

(2) sF#««-e4S«s<Sr?i0J^-t5 ; 

( 3 ) mmm^mm^ 4 9 2 n m-t?*> D , 1k^m±t&&\t 5 0 5 n m-CfcS ; 

( 4 ) ^/Ha^t-e^lStt 7 4 1 0 0 -CfcS ; 

(5) fi^lR^ttO. 6 2 5-efcS;ZtU5 

(6) pH5~l 20|5ffi(Cj3V>T^)t!i#tt<^pH^§:^4dSiSVN : 

( a ) iB^J#-§- 1 {c|E«©T 5 y SIIB^J ; Xtt, 

( b ) m^m^ 1 l-IH«?OT ^ y i^iE5>ifC*5VNT 1 *>b|g:<@<^T 5 Jm<0{K^^ 

7 6#@©Gln * Arg{C. 1 0 6#iO Asn ^ Asp 1 1 8#iO He Thr 
JC. 1 5 OSgOAsp^Gly tC, ^:LT 1 5 7#a(D Val S: Asp LfcT ^ 
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1 2 3#i(^Val ^Thr(;, 1 8 8#B O Tyr ^ Ala (d, 1 9 0#iOPhe^Lys 

(a) Ba?iJ#^l{C|B«OT?/^gB?iJiSr='-K-t-5DNA : Xtt, 

(b) mm^^ 1 tdiE^oT ^ /^lB?|J^c:*5v^-c 1 ii^h^m<or $ ym<r>!K^. 

( a ) m^m^ 2 (ClE^<Oi[SSB??iJ ; 

( b ) @a^J## 2 lc:fs«©iSM?iJ(:i*3V 1 A* <b|gc^@o«[^o^c^, g!^l2^tJ« 
wm : 
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m2\t. 3^^^0JO1^y=^i5l5(D®3tl[eS (Azani-Oreen) tEGFPO^^^ 

06 It, 380 nm Vmi&. 480 nm "CJib^Lfei: #(^^)tlf (520 nm)c^pH tCj: 

0 7 tt. 480 nm -ei&je, 380 nm -Cillje Life, t # <0^^^ (520 nm) (pJtSr:^^-^, 
|2I8(t, HeLalfflilS-CAG-pH=Sr|§^t. 380 nm ,t 480 nm "C^gSt-M tfci: # 
QMF^^^tffi© p H d <t SggSl^^i-o 
HeLaS3 h 7 ^-J^ 7 ^ ^ a 50 1^^ ; igc)t 90% ; g)t^ 100ms ; 15 

PiJli^ : 

Ex 380HT15, 480DF10 Em 510ALP I»f 505DRLP 

U>X40i§ Uapo/340 NAl. 35 
|g|9f4, HeLaiSlJiaX'AG-pH^Srll^L, 380 nm i: 480 nm T'^^SIcSb® tfci: t 
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(1) ;^l§BJo#Msgaw 

^^MO^^Se^tt, 7-f%-ty=i (Galaxea fascicularis) ^^(Dh<r>t^ 
( 1 ) ^^mitm 2 7 0 0 0; 

( 3 ) mmtMi^i^m^ 4 9 2 n m-Cfc ?) . ^^m±^M:it 5 0 5 n m-C^ijS ; 
( 4 ) ^/Uja^t^^itl* 7 4 1 0 0 -CfcS ; 

(5) iti^lR^ttO. 6 2 5-(^h^ .RX^ 

(6) pH5~l 2<^$S^^C:feV^T«^#^4<OpH^S^4;iS^gv^ : 
T1^*^i^>'=I' (Galaxea fascicularis) =r(D 1 ^-C, 8|ft!:(Z?^?l^fiii^3^ 

?^C*5^ **tfeiTO|li(g^J-Ctt. riJ^^f-i^::^ (Galaxea fascicularis) ^ffl 

:^?&m<D^^mB9(0^^M\tm 2 7 O O or-fe 9 , ¥««ffi-e4l:«:iSr?i^ 
J5g *£'>fl:/jJd5 8 Sfl^^Ji^fig-rSo 4 ^«s:©5>^i:ttJ^ 11 6 k D a "Cfe 
13 8 ii^tD^^mftm 2 0 4 k D a TfeSo ¥««SSt «> -PUX-tf, *^5g<Z> 
^)tg&K^ SOmM HEPES pH7.5. 150mM KCl -CTO-fb t^^fll^rW 9 . Sfc, #^ 

&«?r 50mM HEPES pH7. 5. ISOmM KCl T'¥ML. ST. i 15 ^I^^IS?^ 
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h D , Ik^m^m^m 5 0 Snm -e^S, */W®i3t|i^lS:tt 7 4 1 0 0"C$> fi^ 

":*:tv>;i i:Ji^^;5S3fiVNff^^-r, j:or egfp J: U t^/wK^t^lgc. ft^iR^ro 
^i[*S:/^#v^;|s:|gBJOi^5tSe®tt, EGFP J: O ^ J: t) 5Slv^«3t^grlg-r'5o mmtsX 

oi£ijj;5S/>/i < , c:(DpH«iH{c^o^^r;i;^^^3fe^^Sri^i^#i-■5:l^:*s-et5, 

( a ) 1 {C|a«(7)T ^ / KiE?IJ ; 

( b ) iS^J#-§^ 1 lc:fB«©T 5 / KiE?iJl:ifev>T i d^?>Sc^(Z>r ^ y f^<DX^. 

?IJ : 
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?lJ^^:i3V^■C7 6#iOGlnSrArg lC. 1 0 6#@ O Asn 4r Asp (C, 1 1 SSiO 
Ile^ThrtC, 1 5 0#B © Asp Gly tc, UT 1 5 7 * g Val ^Sr Asp (Cg 

JfeLfcT5/^@B>?iJ=Sr^ir-rS. ^)tgeK-OS#Jf ^ix5o ^(^^^geKtt. 380 
m t 484 nm {Cijj^Ofc'-^^^^*,, V^T i oT'b:t^^^i>' hMt 
501 nm tCf— p« i^-r— i^j:M<Z)t*«-^;dS 380 nm Tfc t) > ;<.h — 

h»1120 rm t^1^K±^f3:Uttj:^X\f^^o -^^i—f^ASA nm(Dia^(Df 
pH 6 ii^h pH 10 lC[^**oTfild5itAP-rSdS> 380 nm OSbigiZ) fltli 
^-fbb/jiV^ ^(Of^Lih. 380 nm i: 484 nm (DSb^)fe(c J: 5:^3feli:<^it^Sri)5 ^ i: 

pH ^m^'T^^tiP' in vitro XJiMl^(C*3V>T'BTBgl?fc So 
:^!7 7^*5l50GFPOgitggm-fc 20(7)j5b^bf-^ (Diiig^T?pHS!|^dS-C$ S 
t <r>i^^-t 5 *S (pHluorin) , AG-pH S o •c>t-:3^<z) f - ^ 5 t> 

■Ctt*V\ ^r>X. w<^^3tMeRl*> 380nmOk'-^'^j5!l^-r5:ii{Cj; ») pH 

^ia^JfCiSV^Tl 2 3#i©Val SrThrtC, 1 8 8 # i (D Tyr Ala {C, 190 
#B O Phe «r Lys icg^LfcT 5 /iftgB?iJ«:*-r5. «3tS&K;iS#tf biiSo 
dOSeRtt^fiflc-^^HeE-rSo ?ttlcaS!i;feJC<t O^^^fiSrSt^tfc^m. 34kDa 

X.1k%U-X 505 nm, ^nM± 492 nm ^^l". 
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?imt;^(cia?ij#-^ 2 ^^:|E«Ufcifi«ia?|JO^tlg^SrflJffi1-^) r i: Id J: 15 M^ti^^y 
^ -^-^WLVr ^^xf>^fflV>T±E tfc J; 9 ''ji^acOiilJ^O^^t® c D N 
D->^$r#IS{- U-CP GRiSrfT 9 t J; 9 . :*:|l§g<^^)tSeaS:='- K 
'l-SDNAiSr^#-t-Sri;65-C#5o ^I^Wro^^tMfiWSr^- K-t-SDNAO 
-SfIJO||f>T-Sr±SS uytPCRfcJ:!) #fc^i^lcW:, f^S t^D N A»f>t 
iie^ xS^lffd ct 19 i^^t 5 r t (c J; f? . ^Mo^3tl[ e «^Sr =< - K-r 5 

(2) ;$:ji§BJ(7>DNA 

(a) iB^J##l{c:|B«©r^yKgB^iJ^3-K1--5DNA ; Xtt. 

( b ) @H?ij#-§- 1 K^m(OT 5 / ^iH?ij{d*3v^T 1 t^hl^mor 5 y ifo^^, 

3aj^Sr = - K-t-"5DNA : 

*^0:^SBB?iJ ^Sr 5 D N A ;dS#{f 5 , 
(a) @H^(J#-^2(c:|E«fe(7)il:Sia^J ; Xli, ' 

8 
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^mM<DDNAit. m^t£^^^t^7^yy( hs^ifiwiu-a-^-r s^tdST't 

5b. #S6<j7'7'l'^-Sr^v^fcxKy^7— ^igiaSJtS (PGR) 

X o T.^^^Sr^-rs DN ASr«i5f 5 C t t^X^ ZOX o 'fc^^Olg^lftt, 
^Jx.tf. Molecular Cloning: A laboratory Mannual, 2"*Ed. , Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. , 1989 , 3fe Current Protocols in 
Molecular Biology, Supplement 1~38, John Wiley & Sons (1987-1997) dlE^ 

(3) :4cj§PJ(0iia^^x.^^^- 

7^ ' Y i/ X. y ^ ' T ^ 7 ^•^itfS-? (Bacillusstearothermophilus 

maltogenic amylase gene) > • ]) ^^^jy ^ a T^y — ^jfife-f- 
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(Bacillus licheniformis alph'a-amylase gene), /^^/W;^ • T 5 n y -^77^0:. 
VT^ ' BAN 7— l^jS'fi-?' (Bacillus amyloliquefaciens BAN" amylase gene)^ 
y<'f';U7. • •9-:f'^V ' T/V:fy V 7°p xT--¥ it (Bacillus S.ubtilis 
alkaline protease gene)'bL< H^-^f^-yl^:^ • -^^/v:^ • ^v'n v^^— ^ifS-f- 
(Bacillus pumilus xylosldase gene)<Dyn^— ^fctt^r— v?* y J>,'$^<D 
PH^t< ttPL^'n^-tJ'; lac. trp^L<{itac yn^-^/^if;6S 

T-1 (^^n^^r^-r^ae^) yp^-:?'. *3fe:ttTxy !>'l'/l^;^2±^« 

K p v/<^-fn=t-9^ /-^df. «? p !> ^ /i^;^BP^M?ossafi^ i y 

(^yp^-^, r/u=«— /ur t Kpy■:^— ^ste^yp^— TP I IT'p^ 
ADH2-4C yp^-^7j)i<!:';6S^tf btL-5o 
*^@iaBJiaWit)Rrigi^C7'P^-:J'0«rtJi UXIl. ADHSyp^-tJ'tfcJi 

t p i AT'p^-^^/jrifdSfcSo 

/u;^5E 1 btg^^*5l5«5'b©),$5^3^;^/^:^1^BB?tJ(|f!I;i^^S V4 03lW^>'f■) 
*3J;T/SIR^Wn>'1MB^J(0|J^{^T7^/ !>>r/w;^ VA RNA K-fSt) 

^Igtcf 5DNAE?iJ^;i:{iL-CtjJ:<,^(D-|«Ji: LTttS V4 0«M^,(a 

10 
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*-i:tril. mTLti. i^t KoHSgU^^^— ^ (DHFR) 
(4) 3|5:|§^(D?^^fe^tf 

%%mmm<Dmt\.X\t. HEK2 9 3iNBR HeLaiNHJiax COSiNflHa. B 
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^f^H^H^^ifhfl. mtfi. 1^2/* n-r^-t;:?. . -fe H^v^3i(Saccharomyces 
cerevislae)^fclif-5/;*D-<r>('-fe^ • ( S accharomyces kluyveri)*^ 

■^#5 (^^Jx-t^x Baculovirus Expression Vectors, A Laboratory Manual ; RXJ^ 
iJUVV'-fn h=t — /UX '-fy'^l^^a^— • >'^W :^ o , Bio/Technology, 
6. 47(l988)^(Cl2«)o 

(Autographa californica nuclear polyhedrosis virus)^^^^^^ w i ^'^^ -So 
^A^iat LTIt. Spodoptera frugiperda (O^^M^U^Xh^ S f 9, S f 2 
1 [/^^SraD '^^yi/;:^ . ai^;^7'i^5.i/g . — X, T-y^^hU — • 

•r =. a T/W. y i - 'f-'yyj-^y'T^yY'iJ (W. H. Freeman 

andCompany)> 3 — ^5' (New York), (1992)], Trichoplusia ni OlPM^flS 

•C*)5H i F i V e (-T^^f ^ot;x>'^t|^)^4'ffiV^5rt>^St?$5, 

y Tlf 7 ^ a Sr^lf S ^ i 5o 

12 
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m^immmm^x-^m-t^o mn^is^i^oi^mm^h. ^^mn^^m^m^n 
^w-fmmr^im. m^<Dm&n<o^m. *li!i^£^rffiv^tb«J;^^o 

k^m, m&m. ^m^mK i 5 ttmm. i^=c^/i^T ^ j (deae) 7 t o 

-;5^#(D^i>y$rfflV^fc|t-r2^•y$tfe^^•^ h^^97^-fe, S-SepharoseFF{7 
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At, mmmt)>h^^hi^^:^^m(D'^itm&n(/y^^i:^mi-^^ ti^^ ^ . 
miyti^-^'-<Dm^^mmi-i>ztt^-^mx*hi>o m^^'^^—^'-t vx 

Ttt, TpNEOj (P. Southern, and P. Berg. (1982) J. MOl. Appl. Genet. 
1:327 ) , r pCAGGS J ( H. Niwa, K. Yamamura, and J.Miyazaki. Gene 

14 
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108, 193-200 (1991) ) . TpRc/CMYj f h d y ^tt^) . FpCDMSj (^yt'hu 

^'^^M) t'i^MM^^i'^-X^it. rpRS303j. rpRS304j. rpRS305j, rpRS306j. 

rpRS313j , FpRSSHJ . rpRS315j , [pRS3l6] (R. S. Sikorski and P. Hieter (1989) 
Genetics 122: 19-27)^ rpRS423j , rpRS424j , rpRS425j , rpRS426j 

(T. W.Christianson, R. S. . Sikorski, M. Dante, J.H.Shero, and P, Hieter (1992) 
Gene 110: 119-122) ti:t*iimMi^^\^^htl^o 

hsk. BalbC-3T3 iNllJia. NIH3T3 iNllilg. CHO (Chinese hamster ovary) HBIg^ HeLaiM 
NRK (normal rat kidney) i^PAg^ TSaecharomyces cerevisiaej tiifO^I^^S^ 

"^i^mm (E. coii) mji^^£if^^mi-^:Lti)i-c^^o ^i^^-<Dm±mj^^(D 
tit. rn^fi. wmmjx&(Dnm. m^^mtj:if\t^±^^(Dmi^(D^X'mL< 

09) "^m^mm^ft (ATTO rv?^/^'1'>-i<?r:^7-l'f'-) faif^m^^x 
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*lll^<^^^Me®<Z)^tt. M)t4 7 0~4 9 Onn. 5 0 0 ~ 5 6 Onni 

CCD t tc J: !5 iift$iiw^T»f . um^£iktftmt:mmmm%-^mmi^ 

(6) :^m^M(D^y h 
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( 1 ) total RNA OtttH 

{Galaxea fascicularis) ^fflVN^to T-f $1^>'=r^/^y^— "^^t, #V^fc1^ 
:^=r8 gtC" TRIzol" (GIBCOBRL) 1 5m liPX.T»#L. 1 5 0 0 X g "CI 
O^P^iS.'L^tfeo ±^tCi!^ PO*yWi. 3m 1 ^iD;t. 1 S^^^i^Lfc^, 3^ 
TOSLfco 7 5 0 0 X g-Cl 5^^1^.L^Lfc„ ±f*tc>r yyn/-<y-/U7;.5m 
lSriP:t. 1 5ie>^18I^^Lfc^. 1 0 5^ffi»fiL:t, 1 7 0 0 0 x g X-l O^^r^ 
ii'C>Lfc, ±^S:itr 7 0%a:^/— yi'iSrem 1 APx.n 7 0 0 OX g-Cl 0^ 

tfco ±m^i§Tttl^^ DEPC 7K2 0 0 M 1 "C^filtyto DEPC 
fz total RNA * 1 0 0 fg{C:?&f? LT 0. D. 260 b. 0. D. 280 <^^SrS9^ LX RNA 
^aiofco 300m g <^ total RNA «r#fe, 

(2) First strand cWlAO^J^ 

total RNA 3 AX g ^^ffi First strand cDNA ©-g-^^y h" Ready To 
Go" (Amershara Pharmacia) J; 'O cDNA(3 3 m DSr-a^Lfco 

(3) Degenerated PCR 

•^^tfc First strand cDNA(33m l)<n>oh3 nl ir^Mt LT PCR Srfroyto 

5' - GAAGGRTGYGTCAAYGGRCAY-3' (primerl) (iB?IJ#-^3) 
5' - ACVGGDCCATYDGVAAGAAARTT-3' (primer2) (iBJ^J#-§-4) 

(^wt?. R«A 3l« G^^U. Y\tCX\tl^^L. VttA. CXtt G^^t. 
DttA. GXttT^^-f,) 

J^iTO PCR SJ^^m^^Sr^ffl tfco 
■r>'7'U— h (first strand cDNA) 3//! 
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XIO taq /^y7r— 5/il 
2.5inM dNTPs 4/il 
100 /iM prifflerl 1^1 
IOOmM prinier2 1^1 

35jul 

taq polymerase (5U/ m D 1 M 1 



&.y<ri PCR Ri^^W^^m Lfco 
9 4t:-Cl^(PAD) 
9 4"C-C3Oi0> 

5 2t:-C3 o# (T=-y >'r) 

1^ D*#-C- PCR Sr=?f ofco T;{f n-;^^/wm^*IIJ-C^^il$ixfc;k:# 350bp 

)|*J|!iL:fcDNA»f>T-^pT7-bluevector(Novagen){C7'1''/— i/a VLfCo 
tJfe (TGI) h7>';^7;*--p<-v'3 ^t-C7'/U~*!7^ h±Ui^->a >t:n\^\ 
^\,^=i\:'^'-(D±mm^'0 plasmid DNAiSrfflSiiLr. if A^ttfc DNA »fJtOM 

B'f-o^mmm t itm t r^o dna mmmmt^^^s&j^^<Dii<DX'h 5 

(5) 5' -RACEjfe 
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Degenerated PCR T-#P)^Xfc DNA E^>t-<^ 5" MOi&^m^^l^^Mir^fzi^iZ 5' 
-RACE System for Rapid Amplification of cDNA Ends, Version 2.0(GIBCO BRL) 
«rfflV^•C> 5' -RACE&Srtrofeo mMtLX (1) -ClHSli bfc total RNA ^ 3 m 

dC-tailed cDNA <0-m i (DH^miCti, 
5' -GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG-3' (@B3^J#-^5) 
5' - AAAAGTCTGCnGAAATAGT-3' (iB^J#-§-6) 

5' -GGCCACGCGTCGACTAGTAC-3' (ffi?lJ#-^7) 
5' - TGTCAAGATATCGTAAGCG-3' (ia?iJ#-^8) 

T:</n-;^yyl.mmacill-C. 300bp <D/^>' K^^ ») W U «|!iLfCo 

mSi L DNA »f;t ^ pT7-blue vector (Novagen) tC 7 ^- 3 t feo 

(TGI) (Ch7^^:^7;*->-^ — i/'gy tTy>'W-*17-f h± ^ i/ a S 
V^=lDr:-(D;k:ll® plasmid DNA ^i^lH LT. if A$ tb-^ DNA if>i-OMia 
^JiS: DNA i/- jJ' J; «3 Lfc, 

(6) 3' -RACElSfe 

Degenerated PGR •C#?>ixy;: DNA BfK-O 3' ffilgp^tt, (4) (DiSSiB^U^^-C 

#?>ixfc1f ^^Stwf^ii :a- y =r dT :/7 -r-o PGR -C^f fco^ 

SiiL-C (2) -Cfli!!tfc first strand cDNA ^ 3 m 1 ^ffl Lfe, j^^Lfzyy 
-r-^-tt , 5' -ACTATTTCAAGCAGACTnT-3* (primerS) (iB?iJ#-^9) -CS)-5o 

£iTO PGR SJSS:*?^^^^ Ufc, 
T-^'yu— h (first Strand cDNA) 3^1 
XIO taq y y 7 ^ 5nl 
2.5mMdNTPs 4jul 
20AtM primer3 ljul 
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10 /xM oligo dT primer 1m 1 

^]}Q • SS/zl 
taq polymerase (5U/m 1) 1^1 

&.r<D PCR RjtmW^^m Lito 
9 4t:-C'l5^(PAD) 
9 4t:T-3 0# (^tt) 

5 5t:-c.3 o# (T=.-y 

7 2^ -C 1 ^^(T'^ W 

±IH 3 :^ X y y ^Sr 3 0 ^ /w^t o fco 

7^x3^;^^;\.m.fs.^mv.mm^iMt ssobp o/^^^ k^^ •? w u.wii tfc„ 

i^Si L DNA m)i pT7-blue vector (Novagen) |C7-1''i^-'>'3:/Lfco 

(TGI) JCh^i'^^ji— y-i/g>'Ury/V-xJ^!7'< h-fe l^:^ 5/ a :^ife-tTV\ g 
V>3D=-0;k:il||J;«3 plasmid DNA ^ifflfS!! LT . }f A^tlfe DNA »f>i-0:^Sia 
^IJ^ DNA i «9 LfCo 

(7) :<5:l»®-C(DMe^^ 

( 2 ) -efiSi Ufc First strand cDNA i:mm. t LT PCR ^^Tofc, :^ 

5' -CGGGATCCACCATGGTGAGTGTGATTAAACCAGAGATGAAAA-3' (primer4) (iB^J#-§- 1 
0) 

5' -TCCGaCGAGCTTGGCCTGACTCGGCAGCATAGAA-3' (primerS) (iB?lJ#-t 1 1 ) 
SXT<D PCRRC>V^M^^^ffi Lite 

(first strand cDNA) 3^1 
XIO pyrobest S^tl 
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2. SmMdNTPs 4^1 

20m M primer4 Ifil 

20 /iM prinierS 1^1 

^yQ 35m 1 

pyrobest polymerase (5U//i 1) lul 



9 4 1: -CM (PAD) 

5 sr-^^a o# (Ts^-y v^) 

7 2t:-C7^(ftm<^#:g) 

T;tfn-;^y;UOmm*!|j|-C. iSiH^tlfc 700bp O/^V •? W JWSL 

TpET28 vector (Novagen)OAfco7. iSo/^fB^SJeif-:;^^ n-=:y^LT. ^'^Jii®^; 

(JM109-DE3) -C^^^-^fc, C His-tag ;iS#< i 9 (C = V;^ H 7 h Lfc 

<7)-C|g^SettNi-Agarosegel(QIAGEN)-CMMbfc, i»|!i®;^&tt#Ji<^7°n h 

(8) M3t#ttO«?|ff 

«)t®e20MM (^^1:27026.52). 50mMHEPES (pH7. 5) ^^ge*ffiV^T, M 
^^i^ h/w^SrSiJ^bfc, ::o;^-<i;' h/K^e-^ (492nni) Ottct !?^/WPii^'eS|gi: 
^nnLtCo 450nm Ol^llX^i^ 0. 003 i: /ji 6 J; 9 (C^^g 6 Sr±ISOi^«?S-C^f? 
L. 450nin 7?©}^ Lfcl^(Z)^)ty^'<^ 540nm (Z>*)t{C J; SS&jgJX'^^ h/W 

^SiJ:£ tyto EGFP(CLONTECH) ^m^K 450nni (DKlRias 0. mtfUXo \Z. LT^ 
h/W^riJ^t.EGFPOS^iR^^ 0.6 i: t-C 4-111^ ci-^^'^^tifc* 
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^1 : ^^m(D'fy^^^<0^^mB^ (Azami-Creen) i E G F P i: OJtifc 





Azami-Green 


E GF P 




4 9 2 nm 


4 9 0 nm 




5 0 5 n m 


5 0 9 nm 




7 4 10 0 


4 8 8 5 0 




0. 6 2 5 


0. 6 0 0 










fax. 


pKa = 6. 0 




2 2 5T^/SI 


2 3 /SI 




1 





(9) pHiSSttoaij;^ 

450nm 0.003 i?fc5<fc 5 50niM HEPES pH7.5 -C^JKL. 

450nm •^SbjgLytNfOit^tJX^^ hyui; 540niB (7>#3fe(CJ: SSjjg;^^^ h/WSrSO 

^ L^Co EGFP(CLONTECH) til^^fC pH7. 5 {Cjott 5 450nni (DWC^t^ 0. 003 ^S-S i 

pH4. 4.5, 5 : l^m^-^y^r- 

pH5.5, 6.5, 11 : y^^K/'^i'^r- 

pH6 : MES/<5'7r>- 

pH7 : MOPS /^'y 7 7" 

pH8 : HEPES 7 7 — 

pH9, 10 : ^!;'>W^5/7t — 

PH12.5 : imtitm^^^^yyT- 

(10) ^^mr^^(om-^ 

^3tMS<Sr50mM HEPESpH7.5, 150iiiM KCl -C^l&^k LT. ^ttiCiHc i 6 
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(116K) joiu^, .t?T;5»>i;dse>Ai:«J(204K) i:m^1r^ :l t tmm^i^^ito 

mmm 2 : ph (ag-ph) <D^m 

Azami-Green «:pH^^14Sri^yt-f, pH5.5*^f) pH 12.5 X^^M^i^ V —y<0^ 
%^Wi^^ L;&*L. Azami-GreenO76#B<0^>W^ ^:/^Tyl/^::i>{C, 106 § 

tifex.5^i:-CpH^Stt^5g#t^Co :i<^?S:M)tMe«^AG-pHi: L/tc 
AG-pHli. 380nin i 484nm(Cj5tl@(7)f-^*ito, V^■f tl<Ojej)^{C J; "bit 
h/Ufi501 mntCf— ^Sr^-fo p< i^-^— /<el5!lM(Z)lf— 380 nmT-fc 
5^ ^ hW:120nm ^:^^^C:^t^5i:^i/j:oTV^5o •7^'t-J^iI484. 

nm(^ibjeof— li^ttpH 6d»^pH 10 lCI$ld>orfit;6SJi*Di-5*Sx 380 nmOSIijg 
Ot°-i^iitW:^^kt?'^V\ ^(Dtz^, 380 nni <!: 484 nm OS^^tl^ J: 5^)tfiIO 
It^lraOSr pH ^mM-t^::.ttp' in vitro Xll^^Siial^^^*3V^•rRrtBT* 

5. %^<n>:^ 9>^y^^^<DCF? (DSfe^^tr 2 o©®® f-jJ' «^*iiict? pH 
a!l^dST?t5t><7);65#«E-r-5d5(pHluorin). AG-pH iim^X)f:l^(0\^-i^ti-^ 
1it*S5t><D-ett/£V\ bfc;55oT. :i<^5fe^m)tMe®H:380nm<^k*-:J'$rJa 

s-rsiitcit) pH}c^E;&$n5»/<e<«)tsy^^fT5*'bm3i5;5 (1^4, 5, 

Azami-Green ti^^omm^^^^i-^i!)^. 123#i(0/-^'; >^ h 

188 # g <Df^ D T 7 - 190 # g 7 7 = > ^ y ^J;:® t ^ 

©5l^SrLfc(34kDa), r05S:^^l:ii):^3tgeKSr mAG tLit, mAG ttif^M 
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Azami-Green t m C^^^:^ 505 nm^ Bf&Ui^ 492 nm ^Sr^-f (Hi 1 0 &XJ^ 11), 
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1. Tif^f->'=f (Galaxea fascicularis) ^^<DTU<D^^^^-tZ^^ 
. ( 1 ) ^^iitf^ 2 7 0 0 0; 

(3) lilM«i:*:^g?:^dS 4 9 2 n m-e*) 0 ^ m*®;*:S[Sfi 5 0 5 nm-^fc5 ; 

(4) .^>'Ha3t^SI^«: 7 4 1 0 0 -CfcS ; 

(5) fi^MHcO. 6 2 5T?*>5 

(6) pH5~l 2(7)®ffl(C*5V^T^)fe#tt<OpH^S't4*5iSVN : 

( a ) gB?ij#-^ 1 Kmm(DT % y mmn xtt. 

3 . gB?iJ#-^ 1 {ClE^OT $ / ^iE?iJtc:joV^-C 7 6 § S O Gin ^Sr Arg {C, 10 
6#i(DAsnS:AspJc:, 1 1 8 SB © lie ^ Thr 5 0 # S <D Asp «r Gly JC, 
^LTl 5 7SB(^Val %AsptCgmbfcT^y^E5»JSrW-r5, *3feSe®o 

4. IB5IJ#-^llcE«<^T5/^BE3?IJ{c:d3V^Tl 2 3#B(DVal^Thrtv. 1 
8 8#S(DTyr ^Ala iC, 1 9 0#@O Phe ^ Lys {Cg^ t^cT ^ 7 ^iB^J^W 

5 . li)^h4 (D^tlM'^molkiftm e «Sr = - K-t- 5 D n a, 

6. £tT<7)fsrti**ODNA„ 

(b) iB^j## 1 Jc|B«oT ^ y ^iBa?iJ}c*3v>T 1 t^hWcmoT ^ y m<DX^. 

3?lJ^=i-Ki-5DNA : 
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7. UT(Di^tl7b^<Dm^m.^\\^^-t6DNAo 

1 3. If^^l Ot^h 1 2<0^tt*McE^Oil6-a-M&K<Sr;lfflflai^TI§m$-ti: 

1 4 . 11^^ li^hA (D^iiMz.^m.<r>^%^Bn. mm zt^hi cofpjix 
x«fS*«iod^e)i2(z>fBrn*MciB«(^)j»^se«^^tf, ik%^m 
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SEQUENCE LISTING 
<110> RIKEN 

<120> Fluorescent proteins 
<130> A21606A 
<160> 11 



<210> 1 . 
<211> 225 
<212> PRT 

<21d> Galaxea fascicularis 
<400> 1 

Met Ser Val He Lys Pro Glu Met Lys He Lys Leu Cys Met Arg Gly 

15 10 15 

Thr Val Asn Gly His Asn Phe Val lie Glu Gly Glu Gly Lys Gly Asn 

20 25 30 

Pro Tyr Glu Gly Thr Gin He Leu Asp Leu Asn Val Thr Glu Gly Ala 

35 40 45 

Pro Leu Pro Phe Ala Tyr Asp He Leu Thr Thr Val Phe Gin Tyr Gly 

50 . 55 60 

Asn Arg Ala Phe Thr Lys Tyr Pro Ala Asp He Gin Asp Tyr Phe Lys 
65 , 70 75 80 

Gin Thr Phe Pro Glu Gly Tyr His Trp Glu Arg Ser Met Thr Tyr Glu 

85 90 95 

Asp Gin Gly He Cys Thr Ala Thr Ser Asn He Ser Met Arg Gly Asp 

100 105 110 

Cys Phe Phe Tyr Asp He Arg Phe Asp Gly Val Asn Phe Pro Pro Asn 
115 120 125 
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Gly Pro Val Met Gin Lys Lys Thr Leu Lys Trp Glu Pro Ser Thr Glu 

130 135 140 

Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val Asn Met Ala 
145 150 155 160 

Leu Leu Leu Glu Gly Gly Gly His Tyr Arg Cys Asp Phe Lys Thr Thr 

165 170 175 

Tyr_Lys Ala Lys Lys Asp Val Arg Leu Pro Asp Tyr His Phe Val Asp 

180 185 190 

His Arg He Glu He Leu Lys His Asp Lys Asp Tyr Asn Lys Val Lys 

195 200 205 

Leu Tyr Glu Asn Ala Val Ala Arg Tyr Ser Met Leu Pro Ser Gin Ala 
210 215 220 

Lys 
225 



<210> 2 
<211> 678 
<212> DNA 

<213> Galaxea fascicularis 
<400> 2 

atg agt gtg att aaa cca gag atg aaa ate aag ctg tgt atg aga ggc 48 
Met Ser Val He Lys Pro Glu Met Lys He Lys Leu Cys Met Arg Gly 

1 5 10 15 

act gta aac ggg cat aat ttc gtg att gaa gga gaa gga aaa gga aat 96 
Thr Val Asn Gly His Asn Phe Val He Glu Gly Glu Gly Lys Gly Asn 

20 25 30 

cct tac gag gga acg cag att tta gac ctg aac gtc act gaa ggc gca 144 
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Pro Tyr Glu Gly Thr Gin He Leu Asp Leu Asn Val Thr Glu Gly Ala 

35 40 45 

cct ctg cct ttc get tac gat ate ttg aca aca gtg tte cag tac ggc 192 
Pro Leu Pro Phe Ala Tyr Asp lie Leu Thr Thr Val Phe Gin Tyr Gly 

50 55 60 

aac agg gca ttc acc aag tac cca gca gat att cag gac tat tte aag 240 
Asn Arg Ala Phe Thr Lys Tyr Pro Ala Asp lie Gin Asp Tyr Phe Lys 
65. _ 70 75 80 

cag act ttt cct gag ggg tat cac tgg gaa aga age atg act tat gaa 288 
Gin Thr Phe Pro Glu Gly Tyr His Trp Glu Arg Ser Met Thr Tyr Glu 

85 90 95 

gac cag ggc att tgc acc gee aca age aac ata age atg cgt ggc gac 336 
Asp Gin Gly lie Cys Thr Ala Thr Ser Asn lie Ser Met Arg Gly Asp 

100 105 110 

tgt ttt ttc tat gac att cgt ttt gat ggt gtg aac ttt cct ccc aat 384 
Cys Phe Phe Tyr Asp He Arg Phe Asp Gly Val Asn Phe Pro Pro Asn 

115 120 125 

ggt ecg gtt atg cag aag aag act ett aaa tgg gag cca tec act gag 432 
Gly Pro Val Met Gin Lys Lys Thr Leu Lys Trp Glu Pro Ser Thr Glu 

130 135 140 

aaa atg tac gta cgt gat gga gtg ctg aag ggt gat gtt aac atg get 480 
Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val Asn Met Ala 
145 150 155 160 

ctg ttg ett gaa gga ggt ggc cat tat cga tgt gat ttc aaa act act 528 
Leu Leu Leu Glu Gly Gly Gly His Tyr Arg Cys Asp Phe Lys Thr Thr 

165 170 \ 175 

tac aaa gca aag aag gat gtc cgt ttg cca gac tat cac ttt gtg gac 576 
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Ala Lys Lys Asp Val Arg Leu Pro Asp Tyr His Phe Val Asp 

180 185 190 

att gag att ttg aag cat gac aaa gat tac aac aag gtc aag 624 
lie Glu lie Leu Lys His Asp Lys Asp Tyr Asn Lys Val Lys 
195 200 205 

gag aat gcc gtt get cgc tat tct atg ctg ccg agt cag gcc 672 
Glu Asn Ala Val Ala Arg Tyr Ser Met Leu Pro Ser Gin Ala 
215 220 

678 



<210> 3 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence^ Synthetic DNA 
<400> 3 

gaaggrtgyg tcaayggrca y 21 

<210> 4 
<211> 23. 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 

4/7 



Tyr Lys 

cac cgc 
His Arg 

etc tat 
Leu Tyr. 

210 
aag taa 
Lys 
225 
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<400> 4 

acvggdccat ydgvaagaaa rtt 23 

<210> 5 
<211> 36 
<212> DMA 

<213> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 5 

ggccacgcgt cgactagtac gggiigggii gggiig 36 

<210> 6 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 6 

aaaagtctgc ttgaaatagt 20 

<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 7 

ggccacgcgt cgactagtac 20 

<210> 8 
<211> 19 
<212> DMA 

<213> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 8 

tgtcaagata tcgtaagcg 19 

<210> 9 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 9 

actatttcaa gcagactttt 20 

<210> 10 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 10 



cgggatccac catggtgagt gtgattaaac cagagatgaa aa 



42 



<210> 11 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 11 

tccgctcgag cttggcctga ctcggcagca tagaa 35 
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